Cryptorchidism and hypospadias have been rdated to prenatal estrogen exposure in animal modds. Some chemicals used in farming and grening hae been shown to possess estrogenic and other hormone-disrupting effects. Earlier studies have indicated increased risk of urogenitl malformations in the sons of pestidde appliers. In the present study, parental occupaiin the frming and gardening industry among 6,177 cases of cryptorchidism, 1,345 cases of hypospadias, and 23,273 controls, born live from 1983 to 1992 in Denmark, was eigatd n a register-based case-control study. A significantly inc d risk of cryptorchidism but not hypospadias was found in sons of women working in gardening (adjusted odds ratio -1.67; 95% confidence intervlX, 1.14-2.47). The risks were not iase in sons of men working in farming or gardening. The incraed risk of crptorchidism among sons of female gardeners could suggest an association with prenatal exposure to occupationaily related chemicals. Key won& cae-cntrol studies, cryptorchidism, hypospadias, pesticides.
gardening. The incraed risk of crptorchidism among sons of female gardeners could suggest an association with prenatal exposure to occupationaily related chemicals. Key won& cae-cntrol studies, cryptorchidism, hypospadias, pesticides. Environ Healtb Perspect 106: 793-796 (1998) . [ Online 12 November 1998 ] http://epnetd. niehs.nihgovldocs/)9981106p793-79Gslotbw'einwrl/abaracthtm There is evidence that male reproductive health has suffered impairment over the last decades. A possible decline in semen quality in several countries (1) (2) (3) (4) (5) , which has been the focus of considerable controversy (6, 7) , parallels a well-established increase in the incidence of testicular cancer in young men in several countries (8) (9) (10) . Increasing incidences of cryptorchidism and hypospadias have likewise been reported (11) (12) (13) (14) ; however, time trends associated with these malformations may be difficult to interpret due to potential changes in diagnostic criteria and treatment routines (13) . Recently, an association between fetal exposure to environmental estrogens and the impairment of male reproductive health has been suggested (15) . In animal studies, estrogen exposure during pregnancy resulted in the development of cryptorchidism and hypospadias in the male offspring (16, 17) . Some pesticides have been reported to posses estrogenic or antiandrogenic properties (18) (19) (20) . Prenatal exposure to such pesticides may therefore increase the risk of cryptorchidism and hypospadias. Although indicative of such associations, previous research on potential pesticide exposure and urogenital malformations is still too sparse for firm conclusions to be drawn (21) (22) (23) (24) (25) (26) .
Pesticides and additives used in formulations with pesticides reported to have estrogenic or antiandrogenic activity (18) (19) (20) 27) have been used in Denmark in farming and gardening (28, 29 Denmark. Using similar criteria, additional cases were identified in the Danish Malformation Register, where malformations observed in the first year of life may be recorded. The study was restricted to liveborn boys because the observation and registration of minor malformations is less complete in stillborn children. In addition, the relevant occurrence of cryptorchidism is difficult to assess in stillborn boys because the testes descend into the scrotum shortly before termination of normal gestation.
Of the 6,177 cases with cryptorchidism identified, 4,226 cases had a record of surgical treatment related to cryptorchidism and 206 cases were identified in the Danish Malformation Register only. Of the 1,345 cases with hypospadias identified, 650 cases had a record of surgical treatment related to hypospadias and 45 cases were identified in the Danish Malformation Register only. Ninety-two boys had a record of both cryptorchidism and hypospadias and were induded as cases in both analyses.
All information about risk factors was obtained from the Fertility Database at Statistics Denmark (30) . Data concerning parental occupation in the year of conception were obtained from tax authority information sheets on which the employer had indicated a previously agreed serial number corresponding to the employee's working place (31) . Gardening included work in greenhouses, outdoor gardening, orchards, and nurseries. Landscape gardeners make no appreciable use of pesticides and were therefore induded in the "other and not available" category, as were parents in unspecified service jobs associated with gardening and farming.
Risk factors were studied by comparison with one common control group from the Fertility Database (n = 23,273), from which all incidentally occurring cases had been exduded. The control group was selected at random from the entire population of boys born in (16,1/) , and prenatal exposure of rats to the antiandrogenic pesticide vinclozolin has also been associated with cryptorchidism (32) . The increased risks of cryptorchidism among sons of female gardeners could therefore, in principle, be attributable to the action of estrogenic or antiandrogenic compounds, as pesticides with these effects (18) (19) (20) were used in Denmark in gardening during the study period (29) . Furthermore, the estrogenic compound nonylphenol (2X) was used in large amounts in formulations with pesticides during the same period (28); therefore, exposure to pesticides with endocrine activities was not necessary for exposure to estrogenic chemicals to occur in the gardening industry. Dermal and inhalation exposure to pesticides has been found to occur among workers in Danish greenhouses (33) and may be expected to have occurred in our study population as well. Furthermore, pesticide exposure in greenhouses has probably been considerably higher than in farming due to the manual working procedures applied in greenhouses. However, these conjectures remain speculative in the absence of measured or estimated exposures.
Women working in farming or gardening during pregnancy were not necessarily exposed to pesticides. If occupational exposure to fetotoxic chemicals was suspected to occur during pregnancy, Danish legislation permitted the pregnant woman to take paid leave. Information on the occupational status was available only for the year of conception and not at the exact time of conception. If prenatal exposure to pesticides truly increases the risk of cryptorchidism, these uncertainties in exposure assessment will tend to produce a bias in the estimated risks from the true value and towards unity.
Like cryptorchidism, hypospadias has been associated with maternal exposure to estrogenic and antiandrogenic compounds in rodents (17, 34) . Along with an increased risk of cryptorchidism, a moderately increased risk of hypospadias was found among sons born on Norwegian farms where pesticides and tractor spraying equipment had been in use (24) , whereas the risk of hypospadias was not increased among sons of agricultural workers in California (35) . We were not able to detect an increased risk of hypospadias among sons of parents working in farming or gardening. Either the exposure was insufficient, the association of hypospadias with gardening or farming was too weak to be detectable among the available number of cases potentially exposed to pesticides, or no such association truly exists in humans.
We have observed a statistically significant increased occurrence of cryptorchidism in sons of female gardeners, but we emphasize that the increase is of moderate magnitude and that this association can only account for a small proportion of the total occurrence of cryptorchidism in the population. However, our finding substantiates earlier reports of an increased risk of urogenital malformations among boys potentially exposed to pesticides in utero and confines the increased risk to maternal occupation. It remains to be established whether this association is caused by prenatal exposure to occupationally related chemicals and, more specifically, estrogenic and other hormonedisrupting agents. Studies with detailed exposure assessment are warranted in order to explore these associations more fully.
